Abstract: The frequency of parasitism of the European mistletoe, Viscum album L. subsp. album, in the city of Lodz, a typical major city in Poland, was investigated. The infection prevalence and intensity of the mistletoe Viscum album subsp. album on its main host, Acer saccharinum as a function of host size was also investigated. The parasite showed a strong preference for alien, planted tree species (i.e. A. saccharinum, Populus×canadensis and Robinia pseudoacacia). In 2009-2011, V. album subsp. album was observed on 28 host taxa of trees and shrubs, which represents the highest diversity of host trees in a single locality in the Poland. Within the studied area 2147 trees were infested by mistletoe. The distribution of mistletoes (V. album subsp. album) among A. saccharinum hosts is significantly aggregated. The intensity of mistletoe infection in the silver maple trees was affected by the individual tree characteristics, such as the height of the tree. The overall level of aggregation as indicated by the variance to mean ratio of mistletoe numbers per host fell within the midrange of values found in other published studies of host-mistletoe interactions. The higher mistletoe infection prevalence in taller trees results from differential dispersal of mistletoe seeds to tall trees as well as differential survival of established mistletoes on tall trees. The incidence of mistletoe was higher in city centre (zone of high density development) than it was on the outskirts of a city (outer marginal zone). It was found that the abundant occurrence of mistletoe was recorded in the stands of increased nitrogen input, while other stands have little or no mistletoe infection present. Thus, this mistletoe species uses both passive and active uptake, which may be a selective advantage in a nutrient-poor environment or on a nutrient-deficient host species.
Introduction
Viscum album L. (Viscaceae) is a semi-parasitic evergreen shrub growing on branches, rarely also on trunks, of woody species. The species is dioecious, with flypollinated flowers. Birds are responsible for their seed distribution. As a semi-parasite, the species takes aqueous solutions of mineral substances and probably also assimilates from the host plant, and provides the host with part of its own assimilates that protect it from animal pests and fungal diseases (Kuijt 1969; Tennakoon & Pate 1996; Watson 2001; Zuber 2004) .
Viscum album is distributed in Europe, with a native range to S Scandinavia in the north, Ukraine and Crimea in the east, and as an introduced species in Ireland and the northern part of Great Britain. In the east, it is known to occur in Middle Russia (W edge) and Belarus. Here, it is considered to be a decreasing species. It is scattered in the temperate zone of Asia, up to E China and Japan (Josephsen 1993; Kubát 1997) . It has also been introduced to North America (Hawksworth & Scharpf 1986; Hawksworth et al. 1991) .
The European population is divided into four V. album subspecies, that have different hosts: V. album subsp. austriacum (Wiesb.) Vollm. (= subsp. laxum Boiss.), subsp. abietis (Wiesb.) Janch., subsp. creticum N. Böhling & al. are confined to conifers, and subsp. album, most frequently occurring in Europe, to the deciduous host trees and shrubs (Barney et al. 1998; Böhling et al. 2003; Zuber 2004) .
Viscum album subsp. album is one out of three Viscum subspecies occurring in Poland and shows a wider distribution than subsp. austriacum, and subsp. album (Boratyńska K. & Boratyński A. 1976; Zając A. & Zając M. 2001) . It occurs on at least 118 hosts in the Poland, the most common are (in order to frequency): Tilia cordata, Betula pendula, Acer platanoides, Sorbus aucuparia, P. ×canadensis, P. nigra, and Salix alba growing mostly as lone trees in parks, garden and alleys, along rivers and in settlements (Bojarczuk 1971; Stypiński 1997) .
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The effects of habitat degradation and disturbance on parasitic plant populations are poorly understood. Parasitic plants are often involved in complex community-level interactions with host plants, pollinators and seeds dispersers, and therefore are considered keystone species in a variety of ecosystems (Watson 2001; Press & Phoenix 2005; Mathiesen et al. 2008) . Despite increasing recognition of the role of parasitic plants in community ecology, little is known about how they will respond to local or regional changes to habitat or climate (Stanton et al. 2010; Türe et al. 2010) .
The noted mistletoe stands were scattered unevenly among city habitats. Mistletoe distribution was influenced indirectly by abiotic factors, which determined life conditions of the infested hosts. To a much higher degree the direct impact of biotic factors, especially a close relation to the number and distribution of breeding and migratory birds -disseminators of mistletoe seeds, was remarkable. It was recognized that V. album subsp. album adapts well to the most heavily changed and contaminated habitats of a major city, thus can be treated as a synanthropic species (Zachwatowicz et al. 2008) .
The distribution and host range preferences of V. album subsp. album are still largely unknown. Despite having a broad host range, mistletoe prefers to infest some host species more abundantly than others and tends to occupy some habitats with special partiality (Zachwatowicz et al. 2008) . Especially susceptible to mistletoe infection are alien and planted tree species growing in urbanized habitats (Petrović et al. 2007 cited in Zachwatowicz et al. 2008 . Substantial for the germination phase of mistletoe development are especially air temperature, air humidity and sunlight access. Zenkteler (1996) suggested that the sufficient amount of temperature should be not less than 8-10 • C and air humidity at least 50-60%. The high concentration of CO 2 in the city environment enable more productive assimilation and faster transpiration that influences further development of mistletoe specimens (Stypiński 1997) .
According to Downey (2004) , mistletoe expansions may occur either accidentally through the introduction of the hosts that are not indigenous to the particular area or as a result of evolutionary changes being a consequence of environmental pressures, such as habitat modifications and climate change. In this context the research on the relationships between the mistletoe occurrence and local habitat conditions seem to be crucial.
The aim of this study was to analyze mistletoe host preferences in major city. The role of variation among host trees (variables of tree size), in prevalence (proportion of infested trees) and intensity of parasitism (number of mistletoe plants per trees) of V. album subsp. album infection on trees of A. saccharinum was also investigated. The other purpose of this study was find the potential correlation between the occurrence of the V. album subsp. album (mistletoe) and NO 2 contamination in air deposited in Lodz area, in order to use the mistletoe as bio-indicator.
Material and methods

Site description
Lodz is the third largest city in Poland, located at 49
• 20 N/19
• 38 E in the central part of the country. It covers an area of 294.4 km 2 and, in 2009, had about 740.000 inhabitants. The average annual precipitation in the period 1931-1998 ranged between 530 and 580 mm. The average annual temperature ranged between 7.5 and 8.4
• C. The elevation varies from 170 to 284.1 m a.s.l. (Witos lawski 2006) .
Acer saccharinum is the most common tree (24.1%) in the city of Lodz. Other frequently planted trees in the city are T. ×euchlora, Sorbus aucuparia, Salix alba, and P. ×canadensis. These occur mainly on the margins of the urban area. Frequently planted woody newcomers are Robinia pseudoacacia, Fraxinus pensylvanica, and Acer negundo, which are well-known tree species planted in many countries as street trees because they are tolerant to polluted city air (Mowszowicz 1968) .
Air pollution in the Lodz is a well known phenomenon. Acer saccharinum, P. ×canadensis (in the varieties of 'Serotina', 'Robusta') and R. psedoacacia are frequently infected with mistletoe, but possible relationships between air pollution and the severity of mistletoe infection in the Lodz have not been studied. Nitrogen oxides [NOx] , especially nitrogen dioxide [NO2] is one of the most prominent air pollutants. It has long been assumed that reduced tree vigor from mistletoe infection, plus the debilitating effects of nitrogen dioxide is additive in the least, and results in greater host mortality (Pronos et al. 1999) . We hypothesize that greater allocation of plant carbohydrates and biomass aboveground as a result of N deposition (nitrogen dioxide) may enhance mistletoe parasitism by providing a greater pool of available nutrients at infection points. For example, from city centre (nearer the pollutant source) to the outskirts of a city (farther from the source) in the Lodz city, [NO2] concentrations were high at Drewnowska St. 52 (28.4 µg/m 3 , over 24 h, from January to December in 2010; Regional Inspectorate for Environmental Protection in Lodz) and low (16.4 µg/m 3 ) 6 km further west near the Aleksandrowska St. 144 (Fig. 1 ).
Sampling methods
The study was carried out in the city of Lodz during fruiting months (December, January, February and March) of the years 2009/2010 and 2011/2012 . The accuracy of host tree identification was confirmed in spring and summer.
The distribution and incidence of mistletoe infection was conducted with regard to 292 basic study fields plots 1-km squares, following Witos lawski (2006) . All the mistletoe collected are assigned to one of four different urban zones [following classification of zone types proposed by Kunick (1974) ]: I -zone of high density development (20 plots), II -zone of low density development (60 plots), III -inner marginal zone (88 plots), and IV -outer marginal zone (124 plots) - Fig. 1 . For each sample squares, we calculated host species composition. The grids were placed on the maps of the city. The number of mistletoe species was counted for every infested host tree in the research area (Table 1) .
We also selected two widely spaced primary sample areas to analyze the relationship between intensity of infection in trees located in zone of high density development (hereafter called city centre) and in outer marginal zone (hereafter the outskirts of a city). Within each of these areas, we selected two plots (1-km squares, each one). Both two plots were sampled in places have some infected trees in a manner that surround maximum infected trees. Because V. album subsp. album is a mistletoe most commonly observed growing on A. saccharinum (> 50%, of the total parasitized trees), all statistical analyze reported here are for A. saccharinum hosts only. The plots were located in an area that was judged to be representative of the zone and were quite varied in character. Plot 1 was composed of 34.65% of A. saccharinum and 65.35% of the following tree species: P. ×canadensis, R. pseudacacia, T. ×euchlora, F. pennsylvanica, Aesculus hippocastanum, T. cordata, S. aucuparia, S. intermedia, M. purpurea, Prunus serrulata. About 39% of all A. saccharinum trees (72 individuals) were infected by mistletoes. Plot 2 had 33.05% of A. saccharinum trees and 66.95% of other species: A. platanoides, Crataegus monogyna, B. pendula, R. pseudoacacia, P. nigra 'Italica', F. pennsylvanica, Coryllus avellana, S. aria. About 15% of all A. saccharinum trees (25 individuals) were infected by mistletoes (Table 2) . Within plots, a positive infection status was assigned to A. saccharinum trees bearing one or more mistletoes.
The mean number of mistletoes per tree detected on all A. saccharinum hosts within a plot was used to represent the plot intensity of mistletoe infection, hereafter 'plot intensity', following Rist et al. (2011) . For each sample plot, we calculated mistletoe infection prevalence, the fraction of hosts infected, and infection intensity and host species composition. Within primary area (plot), we recorded and identified all the trees with diameter at breast height, 1.3 m above ground (DBH) of > 10 cm because trees < 10 cm DBH were not infected by V. album. For each tree, height, diameter at breast height, the number of mistletoes on each tree, were recorded for a total of 988 surveyed A. saccharinum trees within these plots. were categorized as infected. Moreover, we used variance to mean ratios (hereafter denoted by /) of mistletoes per tree as a index of the degree of aggregation in our study population (Young & Young 1998 ; see also Rist et al. 2011) .
Infection prevalence
A chi-square test were used to test the number of infected trees according to the following categories proposed by Lopez de Buen et al. (2002): tall and medium tall, large and medium large. The trees over the mean 17.66 ± 1.26 (S.D.) m in height (which was 39) we defined as "tall", and "medium tall", the trees below this value (n = 58).
As "large" We treated trees over the mean 73.28 ± 11.52 (S.D.) cm DBH (n = 59 ), and "medium large", the trees below the value (n = 38).
Infection intensity
For each tree the degree of infection was quantified using 4-class rating system developed by Barbu (2009) : (i) class 0 -no infection (absence of mistletoe); (ii) class 1 -low infection with high frequency of bushes on lateral branches; (iii) class 2 -moderate infection with very frequently bushes in the crown, drying branches and moderate swellings on the branches level; (iv) class 3 -heavy infection with bushes in all the crown and stem.
To test for differences among tree locations (city centre or outskirts of a city) we used one-way ANOVA. Further, we analyzed the relationship between intensity of infection in trees located in city centre or on outskirts of a city, and the individual tree features (height, DBH) using analysis of covariance (ANCOVA). The software package STATISTICA PL. ver. 10 (Stat-Soft Inc. 2011) was used for all mentioned numerical analyses.
Results
Occurrence of Viscum album subsp. album over the whole area Mistletoe have been recorded in at last 205 out 292 km 2 grid-cells taken as a base for determining the frequency of species in the study area (Fig. 2) . Among the total of 28 taxa of host tree recorded by present authors, there are 10 natives, 9 aliens to the Poland flora and 6 hybrids. The majority of these (12 taxa) belong to the Salicaceae followed Rosaceae, Sapindaceae, Malvaceae, Betulaceae, Oleaceae and Fabaceae. The largest number of mistletoe species were found on the A. saccharinum species (9226 mistletoe species/14374 mistletoe species) and the smallest on the Pyrus communis (1/14374). Acer saccharinum (45.8% of the total number of localities) and P. ×canadensis 'Serotina' (32.0%) were the most frequent host trees. They account together for 77.8% of the total number of records, while the other 26 species make up the remaining 22.8% of localities. Robinia pseudoacacia, P. ×canadensis 'Robusta', S. aucuparia and T. ×euchlora are other frequent hosts. However, mistletoe plants are more often recorded on native (80 localities, i.e. 6.27%) than on alien (1196, 93.73%) trees and shrubs.
As for the infection degree, the trees are distributed as follows: 53.1% in 1 st infection class, 30.2% in 2 nd infection class and 16.7% in 3 rd infection class. All individuals of host trees were alive. However, on some trees we observed many dead branches and/or scars of these branches.
Mistletoe-host infection patterns
The distribution of parasitic attack among A. saccharinum hosts approximated a negative binomial, with a few hosts having a very large number of infections and most hosts having very few infections (Fig. 3) , indicating a aggregated distribution. Single infections occurred on twelve trees, while the greatest number of mistletoes on any single tree was 45. Among plots the overall level of aggregation as indicated by the variance to mean ratio was marginally stronger than within-plots aggregation, explaining 58% of the total aggregation of mistletoes among trees. There was a significant aggregation of mistletoes both within (χ 2 = 103.00, d.f. = 1, P < 0.001) and among plots (χ 2 = 103.00, d.f. = 9, P < 0.001). Table 2 . Data for (a) tree densities, (b) infection prevalence, (c) tree intensity of infection by V. album subsp. album, (d) A. saccharinum features, (e) plot intensity, and (f) overall level of aggregation in two plots (1 km 2 ) in the city of Lodz (Poland).
Infection prevalence
Variables
Plot 1 (city centre) Plot 2 (outskirts of a city) (Table 2) . Higher values were found in the city centre and less infection on the outskirts of a city (χ 2 = 97.8, d.f. = 1, P < 0.0001). Among infected trees, the tall trees showed more infection than the medium tall trees (χ 2 = 18.43, d.f. = 1, P < 0.0001) such that small trees bore few mistletoes, and taller trees bore more. In addition a similar number of large and medium large trees was infected (χ 2 = 0.12, d.f. = 1, P > 0.05). Neither diameter at breast height nor basal area was significantly correlated with the number of mistletoes on the host (Table 2, Fig. 4 ).
Infection intensity
The mean percentage of parasites A. saccharinum trees (97 trees/341) in the two plots was 28.4%. (Table 2) . As for the infection degree, the trees are distributed as follows: 53.2% in 1 st infection class, 28.1% in 2 nd infection class and 18.7% in 3 rd infection class. Out of the 184 A. saccharinum trees from city centre, 39.3% were infected by mistletoe, 7.4% with low infection and 31.9% with moderate and heavy infection. Of the 157 sample trees growing on the outskirts of a city, 15.92 were infected, 10.04% with low infection and 5.88% with moderate and heavy infection.
Trees infested with mistletoe located in city centre (mean ± S.E. 15.63 ± 11.13, n = 72) had a significantly higher infection (F 2.243 = 77.89, P < 0.0001) than in those the outskirts of a city (8.32 ± 5.11, n = 25) (Table 2).
Results of the analysis of covariance, showed that, the intensity of mistletoe infection in the A. saccharinum trees was affected by the individual tree characteristics, such as the height of the tree, but not DBH (Table 3, Fig. 4) . Because interaction between tree height and tree location was not significant, it was removed from the model. The tree DBH effect and the tree location × DBH interaction were significant but not the tree location effect. Significant difference in intensity of mistletoe infection among the trees located in city centre, or located in outskirts of a city, is to difference in tree height (Fig. 4) .
Discussion
In Lodz, mistletoe was noted on 28 tree species, cultivars and undetermined forms with a significant prevalence of aliens (Table 1 ). The main hosts of V. album subsp. album are A. saccharinum and Populus ×canadensis (in the varieties of 'Serotina' and 'Robusta'), although this mistletoe species is found occa- Fig. 4 . The relationship between the intensity of the mistletoe infection and (a) tree height (m) and DBH (cm) in A. saccharinum trees located in the city centre as well as on the outskirts of the city. * Tree location was a fixed factor; tree size parameters (tree height and tree DBH) were the covariates, and intensity of infection the dependent variable. Non-significant interactions were removed from the ANOVA models.
sionally on at least 12 other species. These trees are widely planted as ornamental trees in this area; some heavily infected trees may bear hundreds of mistletoe plants. In the most recently published review of mistletoe hosts for the Poland flora, V. album subsp. album is recorded from a very wide range of hosts, some of them introduced plant species to Poland (Olaczek 1960; Soko lowski & Faliński 1961; Kornaś 1961; Szymanowski 1964; Markowski & Szmajda 1971; Stypiński 1978 Stypiński , 1980 Danielewicz & Urbański 1984; Czekalski 1985; Roniewicz 1997; Zieliński 1997; Kubus 1998; Nienartowicz 1998; Jurzyk & Kluczyński 2000; Święs 2001; Święs & Majkut 2003; Kutyna & W lodarczyk 2004; Zachwatowicz et al. 2008; Ciaciura et al 2008) . Although there are species that seem to be universal hosts for mistletoe in urban areas, in some areas V. album subsp. album prefers certain host species. As pointed out by Stypiński (1997) , the vast majority of hosts for V. album subsp. album in Poland are P. nigra, P. ×canadensis and Malus domestica varieties. This phenomenon is not sufficiently explained and requires further study. Comparing Lodz mistletoe species diversity to other Polish cities, it is one of the highest. Despite having broad host ranges, the European mistletoe tends to hemiparasites some hosts more frequently than others. This is to a large degree related to the resistance characteristics of potential hosts (Stypiński 1997; Briggs 2003; Banister & Strong 2001) . The diversity of mistletoe's host trees in the native distribution range can be compared with the situation from a region where the species is invasive. Hawksworth et al. (1991) document fast range extension of V. album subsp. album at regional scale in an area N of San Francisco, California, resulting from a remarkable rate of spread, a feature that is typical of invasive plants. It has been found on 22 different deciduous trees, but is most common on A. saccharinum, M. sylvestris, R. pseudoacacia, Alnus rubra, P. fremontii, and S. lasiandra. This indicates quite a good coincidence at the level of genera, and two species, A. saccharimum and R. pseudoacacia, rank high among hosts in both native and introduced distribution ranges (Proházka 2004).
Although V. album subsp. album is often found on P. nigra 'Italica' in Lodz, Kubát (1997) pointed out that there is no reliable report from Central Europe of it growing on P. nigra 'Italica'. The occurrence of V. album subsp. album on P. nigra 'Italica' in Lodz reported already by Andrzejewski (1992) .
Results of this study suggest that individual differences among host tree play an important role in explaining local abundance and both prevalence (percentage of hosts that are infected) and intensity (number of mistletoe plants in each infected host) of infection. Previous researches have shown that host distribution, size, or sex may influence mistletoe distribution and abundance (Hawksworth & Scharpf 1986; López de Buen et al. 2002; Aukema 2003; Carlo & Aukema 2005) .
For example, when hosts are widely scattered, their mistletoe parasites may be less common and widely distributed as well. Birds that disseminate mistletoes often perch at the tops of the larger trees, thus depositing mistletoe seeds high in the canopy. For dioecious tree species, bird visitation may be biased in favor of fruiting plants, thereby influencing overall mistletoe distribution (Mathiesen et al. 2008) . Furthermore, the consistent availability of mistletoe fruits can attract birds which also feed on the host's fruits. This favors the spread of seeds from infected hosts over noninfected hosts during years when susceptible trees have not produced an abundance of fruits. It has been suggested that when the seeds of infected trees are also spread by mistletoe vectors and this is correlated with greater tree regeneration, the relationship between the mistletoe and host tree approaches mutualism (Van Ommeren & Whitham 2002) .
Mistletoe species had an aggregated pattern at the study site. The overall level of aggregation as indicated by the variance to mean ratio of mistletoe numbers per host fell within the midrange of values found in other published studies of host-mistletoe interactions (Overton 1994; Donohue 1995; Bannister & Strong 2001; Aukema & Martinez del Rio 2002; López de Buen et al. 2002; Rist et al. 2011) . Mistletoes were aggregated at two scales: on individual trees and within plots. At the scale of an individual host, mistletoes are aggregated in space, resulting from the preferential perching of mistletoe dispersers on previously infected plants (Ward & Paton 2007) . Small-scale aggregation patterns could be produced by variability in mistletoe burdens among plots, or a combination of both (Rist et al. 2011 ). According to many ecologists (e.g. Pielou 1960; Krebs 1999) , the aggregated type is the most commonly observed dispersion pattern in nature. Some mechanisms have been proposed to explain this aggregation. Dobson (1985) , suggested that aggregated distributions reduce the level of interspecific competition among parasites (competitive host exclusion), and this appears to be true for V. album in the study site, since no other mistletoe species were found. Although aggregation is characteristic of mistletoe systems, different factors may influence mistletoe aggregation in opposing directions, and conflicting forces may sometimes act to reduce the overall levels of aggregation (Rist et al. 2011) .
In this study, "tall" trees of A. saccharinum supported more mistletoe plants than medium "talls" trees. Very small trees were never seen parasites; nor were any dead small trees with parasites observed. In general, larger or older trees showed greater predisposition to being infected than smaller ones. Our results also show that infection was more severe in old trees; many of these were older than 80 years. The observation that taller, larger, and older trees have a higher frequency of parasitic attack and more intense infection than smaller trees is not uncommon. A common explanation is that larger and older trees could be more attractive to frugivorous birds for perching, which would therefore deposit more mistletoe seeds onto perches (Reid & Lange 1988; Overton 1994; Donohue 1995; López de Buen et al. 2002) . However, Reid & Stafford-Smith (2000) sug-gest that a high number of mistletoes per tree results more from the attraction of dispersers to the presence of established mistletoes on trees than to host size by itself.
Also, host suitability and environmental variation are two factors that may modify mistletoe distribution postdispersal (Michalczyk & Stypiński 1981; Rist et al. 2011; Hoffmann et al. 1986 ). Ease of penetration varies with host species -for example, the character of the bark of different host species (principally the thickness of different tissue types) effects the success of Viscum album. The seeds can only penetrate younger host tissue because of the thickness of the bark.
Preliminary, our findings indicate the possible role of small-scale environmental variation in mistletoe distribution in the research area, but their role was indirect. Although previous studies have demonstrated that diffuse nitrogen input is generally considered an important factor for the decline of vascular plant species in large cities (e.g. Korneck et al. 1998) , we consider it probable that nitrogen input accelerates mistletoe distribution postdispersal. The average number of mistletoes on the trees (15.63 ± 11.13; no. of mistletoes ranged from 1 to 41 per tree for 72 trees) was highest in the stands of high nitrogen input (city centre) and lowest (8.32 ± 5.11 per tree; number of mistletoes range from 1 to 19 for 25 trees) in the stands of low nitrogen input (outskirts of the city). Moreover, the average number of mistletoes per tree might not hold for next year. It is known that humans reduce V. album by collecting them for Christmas decoration and trying to control them as parasites in orchards (Stypiński 1997; Briggs 2003; Zuber 2004) .
Based on explanations of Marschner (1995) , high nitrogen supply increases the severity of infection by parasites and there is often a positive correlation between nitrogen application and pests attack. This function is because of the important role of nitrogen element in the photosynthesis process, and since the mistletoe parasites have no real root in soil and cannot absorb mineral nitrogen directly from soil, embed compulsorily the haustoria in host xylem to uptake it. Mistletoe plants are able to accumulate [NO 2 ] at a larger concentration than host species (Watson 2001; Zuber 2004) . These findings may indicate that the V. album subsp. album has a high resistance to the harmful effects of city environment and attacks hosts with lowered viability caused by environmental pollution (Zachwatowicz et al. 2008) .
Still, interpretation of mistletoe growth as a result of [NO 2 ] air pollution is not straight forward because of various reasons. Firstly, studies of direct correlation between atmospheric nitrogen inputs and mistletoe growth have not been carried out before and therefore results from this study cannot be compared with those from others. Secondly, large variability of atmospheric nitrogen inputs and plant samples in a single contamination site make it difficult to interpret any association between air pollution and the parasitic growth of mistletoes. The correlation between mistletoe infection and air pollution cannot be explained simply by measuring the concentration levels of [NO 2 ] and number of mistletoe per tree because of various factors such as bird migration, bioavailability and susceptibility of hosts come into play. If these factors can be considered constant within the investigated area, a relationship might become obvious.
Air pollution might not have a direct influence on this factor of mistletoe distribution. However, it can have an indirect effect: old and weak trees are more susceptible to mistletoe attack. This could include trees which have already been weakened by air pollution. Mistletoe infections causes reduced nutrient transport and water to the host. Thus, there is a possibility trees that have already had some stress due to high concentration of [NO 2 ], could be prone to mistletoe attack (Stypiński et al. 1990; Michalczyk & Stypiński 1981; Tsopelas et al. 2004; Sharma et al. 2009 ). Hence, high [NO 2 ] concentration areas might not directly affect mistletoe growth on the deciduous trees, but make it more susceptible to mistletoe infection.
The results of the spatial distribution of V. album subsp. album correspond well to the urban ecological zonation in relation to the decrease of human impact from the centre to the outskirts of the city, which were ascertained by Kunick (1974) for the area of former West-Berlin. The highest number of individuals of V. album ssp. album species per square kilometer can be found in the centre city (I -zone of high density development). The inner city, where the effects of urbanization are more intense, can more easily support the specialized urban plant e.g. mistletoe species (Zerbe et al. 2004 ). On the other hand, smaller numbers of individuals of V. album ssp. album species were found on less intensively managed habitats like lawns with scattered trees (IV -outer marginal zone).
